Background: We examined the usefulness of tissue Doppler imaging in evaluating the diastolic dysfunction and assessed the prognostic value of ratio between early mitral inflow velocity and mitral annular early diastolic velocity (E/e') in unselected patients with acute ST-elevation myocardial infarction (STEMI). Methods: Patients presenting with acute STEMI at Osmania General Hospital, Hyderabad, India between January-2012 and June-2012 were examined in this study. All patients underwent echocardiographic examination comprising Doppler assessment of transmitral flow velocities (peak E-wave velocity) and Doppler tissue imaging of the medial mitral valve annulus (e'). All patients were followed up for 6 months and all-cause mortality was measured as the study endpoint. Role of E/e' ratio as a predictor of survival after acute STEMI was evaluated by a comparative analysis of patients with E/e' ≤15 and >15. Results: A total of 50 patients with acute STEMI (mean age: 52.2 ± 13.2 years; 80% males) were analyzed in this study. Of them, 23 (46%) patients had an E/e' >15. Clinical parameters such as Killip class ≥2 as well as left ventricular ejection fraction of <40% were significantly associated with E/e' >15. Five (10%) patients died during the 6-month follow-up period. All deaths occurred among patients from the E/e' >15 group, indicating that E/e' is an effective predictor of overall survival. Conclusion: E/e' ratio was identified as a strong predictor of survival after acute myocardial infarction and can be suitable for risk-stratification of patients in this setting. Further studies are warranted to substantiate the findings.
Introduction
Coronary artery disease is the leading cause of morbidity and mortality worldwide, and acute myocardial infarction is the most common mode of its presentation [1] . In patients with myocardial infarction, measurement of left ventricular diastolic dysfunction is important in decision-making and predicting the mortality because it is associated with progressive left ventricular dilatation, development of heart failure, and cardiac death [2] . Although invasive cardiac catheterization is the gold standard to measure left ventricular filling, it carries the risk of subsequent complications [3] . In this regard, echocardiography using tissue Doppler imaging has emerged as a valuable non-invasive tool, with similar predictive value as compared to cardiac catheterization [3] [4] . Doppler tissue imaging of mitral valve annulus appears to be particularly useful, and reduced early mitral annulus velocity (e') indicates impaired myocardial relaxation [2] . In addition, the ratio of early transmitral flow velocity (E) to early diastolic septal mitral annulus velocity (E/e') correlates well with left ventricular diastolic dysfunction [5] [6] . The prognostic value of E/e' >15 following myocardial infarction has been evaluated previously in a study by Hillis et al. [2] . They indicated that E/e' is a powerful predictor of survival after acute myocardial infarction. Subsequently, E/e' ratio has become central in the guidelines for left ventricular diastolic evaluation [7] . However, till date no study from India has substantiated the prognostic value of E/e' following myocardial infarction. In these lines, we examined the usefulness of tissue Doppler imaging in evaluating the diastolic dysfunction and assessed the prognostic value of E/e' in unselected patients with acute ST-elevation myocardial infarction (STEMI).
Methods

Study Population
In this prospective cohort study, patients presenting with acute STEMI with or without thrombolysis at Osmania General Hospital, Hyderabad, India between January-2012 and June-2012 were examined. Patients with NSTEMI, unstable angina, or post-infarction angina and patients presenting after more than 7 days of onset of myocardial infarction were excluded.
Data Collection Statistical Analyses
Baseline characteristics and details of clinical presentation including the Killip-Kimball classification based on the first physical examination on admission, history and previous treatments were noted. All patients underwent echocardiographic examination comprising Doppler assessment of transmitral flow velocities and Doppler tissue imaging of the medial mitral valve annulus (Figure 1) . Here, the left ventricular systolic function was measured semi-quantitatively using a visually estimated left ventricular ejection fraction (LVEF). In addition, left ventricle dimensions, including and left ventricular end-systolic diameter (LVESD) and left ventricular end-diastolic diameter (LVESDD) were estimated. Mitral regurgitation was graded using color flow imaging. Mitral inflow was evaluated in the apical four-chamber view, using pulsed-wave Doppler echocardiography. Subsequently, peak E-wave and peak A-wave velocities were estimated from the mitral inflow profile. Tissue Doppler imaging of the mitral annulus was obtained from the apical four-chamber view to measure e' and a'. Further, the decision to treat with thrombolytic therapy was at the discretion of treating cardiologist. Severity of coronary artery disease was examined by elective coronary angiography. Subsequently, elective revascularization by PCI/CABG was performed. All patients were prospectively followed-up for 6 months to analyze patients' survival. All-cause death was estimated as the study end point.
Since E/e' ratio >15 is reported to be the best Doppler predictor of an elevated (>12 mm Hg) mean left ventricular diastolic pressure (mLVDP), clinical characteristics, echocardiographic characteristics, and survival outcomes were compared between patients with E/e' ratio >15 and patients with E/e' ratio ≤15.
Statistical Analyses
The Statistical Package for Social Sciences (SPSS; Chicago, IL, USA) program, version 15 was used for statistical analysis. Continuous data are expressed as mean ± standard deviation and are compared using the Mann Whitney U test. Categorical data are presented as frequencies and percentages and are compared using the Chisquare test or Fisher exact test. Correlations were calculated using the Spearmen rho test and independent predictors of an elevated E/e' ratios were identified by regression analyses. Survival was plotted according to the Kaplan-Meier method, and mortality rates were compared using the log-rank test. P value of <0.05 was considered as statistically significant.
Results
Clinical Characteristics
A total of 50 patients, 40 males and 10 females, with acute STEMI were analyzed in this study. Baseline characteristics of overall patients, along with a comparative analysis of patients with E/e' ≤15 and >15 are given in Table 1 .
The mean age of overall patients was 52.2 ± 13.2 years. Of them, 23 (46%) patients had an E/e' >15. Patients with E/e' >15 were significantly older than patients with E/e' ≤15 (57.65 ± 12.7 vs. 47.6 ± 12.0 years, P = 0.012). Further, diabetes mellitus (n = 12, 80%; P = 0.002), hypertension (n = 18, 58%; P = 0.029) were significantly more common among patients with E/e' >15. In addition, patients with E/e' >15 were significantly more likely to present with worse clinical profile, as determined by high frequency of the Killip class ≥2 on admission (P = 0.024). There were no differences in occurrence of AWMI and requirement for inotropic support in both groups. There were moderate correlations between Killip class ≥2 E/e' ratio >15 (odds ratio: −2.93; P = 0.025). Treatment with thrombolytic therapy was similar in both groups.
Echocardiographic Characteristics
The echocardiographic characteristics for the entire study cohort along with a comparison of patients with E/e' ratio >15 and ≤15 are given in Table 2 . Patients with an E/e' ratio >15 exhibited worse systolic function, as determined by the LVEF. Accordingly, the frequency of patients with LVEF <55% as well as LVEF <40% was significantly higher in E/e' >15 group, indicating more severe heart failure in patients with E/e' ratio >15. LVEF <40% was also identified as an independent clinical predictor of E/e' ratio >15 (odds ratio: 6.6, 95% confidence interval: 1.1 to 20; P = 0.01). LVESD and LVEDD were comparable between two groups, while cases of E/A ratio >2 were non-significantly higher in the E/e' >15 group. Table 3 represents the angiographic characteristics and in-hospital revascularization for all patients' enrolled in the study. Four patients in E/e' >15 group and one patient in the E/e' ≤15 group did not undergo coronary angiography. Single-vessel disease and double-vessel disease were non-significantly more frequent in the E/e' ≤15 group while triple-vessel disease was significantly more frequent in the E/e' >15 group. Six patients from the E/e' >15 group and three patients from the E/e' ≤15 group did not undergo PCI/CABG.
Angiographic Characteristics and In-Hospital Revascularization
Survival Outcomes
Five (10%) patients died during the 6-month follow-up period ( Table 3 ). All deaths occurred among patients from the E/e' >15 group, indicating that E/e' is an effective predictor of overall survival. The Kaplan-Meier analysis also substantiated the finding (Figure 2) . The overall survival was 78.3% in E/e' >15 group compared to 100% in the E/e' ≤15 group (log-rank P = 0.011).
Discussion
The echocardiogram is a standard tool in the management of patients with acute myocardial infarction. It is valuable in establishing the diagnosis, location, and extent of myocardial infarction [8] [9] . In the present study, the role of echocardiographic characteristics in providing prognostic information of survival following acute STEMI was assessed. We observed that the E/e' ratio was a strong predictor of survival after acute STEMI. Earlier, Hillis et al. had conducted a study in similar lines [2] . They had found that E/e' was a powerful predictor of survival after acute myocardial infarction in 250 unselected patients followed up for a median duration of 13 months (risk ratio: 4.8; p = 0.002). Further, the prognostic value of E/e' was incremental to clinical factors and conventional echocardiographic parameters of left ventricular systolic and diastolic function [2] . Findings of the present study also substantiated the strong role E/e' in predicting the short-term survival in patients with acute STEMI. Notably, all deaths occurred exclusively in the E/e' >15 group. This can be interpreted as E/e' ≤15 may have a strong association with survival, while the risk of all-cause death will be high in patients with E/e' >15 following STEMI. Obeidat et al. have also demonstrated the usefulness of echocardiographic predictors in prognosis of patients after first acute myocardial infarction [10] .
In present study, impaired LVEF was more common among patients with E/e' ratio >15. Further, LVEF <40% was identified as an independent clinical predictor of E/e' ratio >15. Further, a high frequency of the Killips class ≥2 on admission was also evident among patients with E/e' >15. Similar to the observations of present study, Hillis et al. also reported a significant association of Killip Calss ≥2 and left ventricular ejection fraction ≤40% with E/e' ratio >15 [2] . We also observed that all cases of triple-vessel diseases occurred in E/e' >15 group, indicating a trend of severe coronary artery disease in patients with E/e' >15. Although the E/e' ratio is a robust marker in the prediction of left ventricular filling pressure, it is imperfect and should be interpreted with consideration of many situations such as severe mitral annular calcification, significant mitral stenosis, moderate-to-severe mitral regurgitation, severe left ventricular dysfunction, and hypertrophic cardiomyopathy. These conditions can be a source of misleading information in the setting of acute myocardial infarction [3] .
Study Limitations
Our study has certain limitations: 1) the sample size is inadequate to draw conclusions in whole population; 2) echocardiographer was not blinded in this study, which might impact selection bias; 3) certain compounding factors like PCI/CABG and compliance of drug intake were not considered in the analysis, which might influence the study findings; 4) Since E/e' ratio reflects an instantaneous measure of left ventricular filling pressure, a single measurement may not convey maximal prognostic information as the left ventricular filling pressure may change over the course of the peri-infarct period; and 5) the follow-up period was only 6 months, which is not enough to draw significant conclusions of survival. We suggest that studies involving larger sample-size and long-term follow-up would offer necessary insights regarding the prognostic value of E/e' ratio. We are of opinion that echocardiographic estimation of E/e' can be used as a valuable bed-size tool in the risk-stratification of the patients with acute myocardial infarction.
Conclusion
Findings of the present study suggest that an E/e' ratio >15 is a powerful predictor of decreased survival after acute STEMI. Further studies are warranted to substantiate the findings. However, we opine that measurement of E/e' may assist risk-stratification of patients in this setting.
